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Abstract 
The phenomenon of delayed recognition in scientific discoveries is enjoying an ever increasing attention, 
as it is seen of potential scientific and even commercial values. This poster firstly reviews the 
performance of existing approaches in measuring the phenomenon of delayed recognition, and then tries 
to find a new perspective to better understand it. Literature review shows defects in terms of applicability, 
reasonability and complexity in currently existing approaches, as well as the usefulness of two measures 
in this study. Specifically, correlation analysis on the two measures suggests a high positive correlation 
between them, and formula derivation further uncovers a decisive common term in their equations. Based 
on the logic behind this common term, the idea of weighted summation of yearly citations is suggested to 
quantify how much a single paper’s citations are delayed, but there still lacks empirical studies.  
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1 Introduction 
There is an increasing interest in the phenomenon of delayed recognition (Cole, 1970) in scientific 
discoveries. In scientific literature, a delayed recognition paper refers to an important paper whose 
significance is not recognized until a long time after its publication. Such papers are also referred to as 
premature discoveries (Wyatt, 1961), resisted discoveries (Barber, 1961), and Sleeping Beauties (van 
Raan, 2004). This phenomenon may help scientists find a possible way to better understand the process 
of scientific innovation (Garfield, 1980). 
Current consensus on this phenomenon is that the recognition of the paper goes through a 
dormant period and then soars to a relative high level, which is exhibited in its citation trace. But this 
pristine depiction can hardly include all circumstances of delayed recognition. Although some methods 
and indicators have been proposed to quantitatively measure this phenomenon, they are often either 
arbitrary or limited in application scope. 
Therefore, this poster tries to address the following two research questions: 
(1) How do existing approaches perform in quantitatively measuring the extent to which a given 
paper can be considered as delayed recognition? 
(2) Can delayed recognition be quantified and identified in a simpler way for all individual papers 
just like their other characteristics such as age, total citations etc.? 
2 Current measures and their deficiencies 
Since Garfield’s (Garfield, 1980) call for parameters to be set for what truly qualifies as prematurity, many 
studies have been devoted to identifying delayed recognition papers from their citation histories. 
Average-based approaches (Garfield, 1989; Glänzel, Schlemmer & Thijs, 2003; van Raan, 2004; 
Li, Shi & Zhao et al., 2014) were firstly used. Costas et al. (2010) then applied an approach based on 
percentiles to identify different citation patterns of papers. Li et al. (2014) and Ke et al. (2015) took a 
different route by deliberating the citation curves. Although distinctive from each other, both of their 
approaches are based on graphs. Li & Shi (2015) recently introduced an approach based on exponential 
equation to investigate the awakening time of sleeping beauties in genius work. This approach works very 
well with genius papers whose citation exponentially increase and has a broader scope of application. 
However, some defects still exist in existing measures, leading to the deficiencies of the 
corresponding results. These defects are: (1) arbitrary threshold parameters are used to discriminate 
delayed recognition papers from ordinary papers (Garfield, 1989; Glänzel, Schlemmer & Thijs, 2003; van 
Raan, 2004); (2) only part of the citation curve of a paper is considered (Ke, Ferrara & Radicchi et al., 
2015); (3) coverage of the approach is limited to papers with certain types of citation patterns (Li & Shi, 
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2015), and (4) representation or calculation of the measurement is complicated (Li, Shi & Zhao et al., 
2014; Costas, van Leeuwen & van Raan, 2010). Apart from the measures above, Wang proposes two 
indicators Citation Speed (Wang, 2013) and Citation Delay (Wang, Thijs & Glänzel, 2015) to measure 
how fast a paper generally accumulates its citations. Regrettably is that neither of the two studies are 
aimed specially at the phenomenon of delayed recognition, therefore neither precisely capture its 
essence. 
3 Method 
In this poster, I make a correlation analysis on some results from the existing approaches listed above 
based on the same data set. The data set covers citation data of 50,473 papers by 629 Nobel Prize 
winners during the period of 1901-2012 from the database ISI Web of Knowledge of Thomson Reuters. 
Specifically, a high positive correlation is found between the Gs index proposed by Li et al. (Li, Shi & Zhao 
et al., 2014) and the Citation Delay by Wang et al. (Wang, Thijs & Glänzel, 2015). And then the method of 
formula derivation is employed to study the cause for the high positive correlation. Further analysis is 
made on the cause in order to investigate a possible way to use citation data for measuring the 
phenomenon of delayed recognition. 
4 Preliminary findings 
There exists a high positive correlation between two indicators proposed independently by two groups of 
researchers and based on two different approaches, i.e. the Gs index and the Citation Delay. As is shown 
in Figure 1, the 50,473 dots in the figure almost form a straight line, signifying a very strong correlation. 
Subsequent correlation analysis (see Table 1) clearly reveals the high positive correlation between them, 
with a correlation coefficient of 1.000 and a significance lower than 0.01. These results suggest that the 
Gs index and the Citation Delay might have played the same role in measuring a single paper’s citation 
delay, given their high positive correlation. 
 
Figure 1. The Gs index vs. the Citation Delay 
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Gs 
index 
Citation 
Delay 
Gs index Pearson Correlation 1 1.000** 
Significance  .000 
N 50473 50473 
Citation 
Delay 
Pearson Correlation 1.000** 1 
Significance .000  
N 50473 50473 
** p<.01 
Table 1. Correlation analysis on the Gs index and the Citation Delay 
Formula derivation reveals that a common term exists in both of the two distinct indicators. And it 
is this common kernel that determines the high positive correlation between them. In other words, for the 
two measures, the common term plays a crucial and precisely equivalent role in measuring delayed 
recognition of individual papers. 
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where n is the age of the paper,   (  *       +)  is the number of citations the paper 
received in the i
th
 year after publication, and Cn is the total number of citations the paper received during 
the n years. 
By further derivation and transformation of the common term, this poster finds that the logic 
behind the common term of the two measures is very clear: weighted summation of a paper’s yearly 
citation counts. The selection of the weights depends on the yearly citations to be focused on. The more 
the yearly citations are to be emphasized, the larger the corresponding weights should be. For instance, 
the weights are 
(     )
    
(  *       +) in Eq. (1), showing a monotonic increasing order with time. 
This idea for citation summation splendidly agrees with the phenomenon of delayed recognition: the 
recognition of a paper is largely lagged in time domain, so the weights of late yearly citations should be 
larger than those of early yearly citations when they are summarized. Hence, the reasonability of the Gs 
index and the Citation Delay is confirmed here.  
The implicit logic behind the two measures is assigning uneven weights according to different 
measurement requirements to yearly citation counts and adding them up. This method for citation 
summation has been seldom noticed at the level of individual paper, but it is instructive and may provide 
a new perspective for constructing proper indicators to measure delayed recognition. It is also both simple 
and easily-operated. However, the key issue might be the re-determination of the weights for every yearly 
citation counts. 
5 Conclusion and next steps 
This poster finds an interesting and intrinsic relationship between two indicators designed independently 
for measuring the phenomenon of delayed recognition in scientific literature. It reveals the crucial logic 
underlying the two indicators: weighted summation of a paper’s yearly citation counts. It then suggests 
this simple and easily-operated logic to quantitatively depict delayed recognition. But the weights are 
waiting to be determined and there lacks empirical studies that can verify the feasibility of this idea. In 
next steps of my research, I will put this idea into practice and design new indicators according to the idea 
that larger weights should be assigned to later citations to a paper. Furthermore, the effectiveness of new 
indicators will be examined based on empirical data. Subsequent work will also include more thought on a 
complete framework for analyzing the phenomenon of delayed recognition. 
6 References 
Barber, B. (1961). Resistance by scientists to scientific discovery. Science, 134, 596–602. 
Cole, S. (1970). Professional standing and the reception of scientific discoveries. American Journal of 
Sociology, 286-306. 
iConference 2016   Min & Sun 
4 
Costas, R., van Leeuwen, T. N., & van Raan, A. F. J. (2010). Is scientific literature subject to a “sell-by-
date”? A general methodology to analyze the “durability” of scientific documents. Journal of the 
American Society for Information Science and Technology, 61(2), 329–339. 
Garfield, E. (1980). Premature discovery or delayed recognition-why? Current Contents, 4, 488–493. 
Garfield, E. (1989). Delayed recognition in scientific discovery-citation frequency-analysis aids the search 
for case-histories. Current Contents, 23, 3-9. 
Glänzel, W., Schlemmer, B., & Thijs, B. (2003). Better late than never? On the chance to become highly 
cited only beyond the standard bibliometric time horizon. Scientometrics, 58(3), 571-586. 
Ke, Q., Ferrara, E., Radicchi, F., & Flammini, A. (2015). Defining and identifying Sleeping Beauties in 
science. Proceedings of the National Academy of Sciences, 201424329. 
Li, J., & Shi, D. (2015). Sleeping beauties in genius work: When were they awakened?. Journal of the 
Association for Information Science and Technology. 
Li, J., Shi, D., Zhao, S. X., & Fred, Y. Y. (2014). A study of the “heartbeat spectra” for “sleeping beauties”. 
Journal of Informetrics, 8(3), 493-502. 
van Raan, A. F. (2004). Sleeping beauties in science. Scientometrics, 59(3), 467-472. 
Wang, J. (2013). Citation time window choice for research impact evaluation. Scientometrics, 94(3), 851-
872. 
Wang, J., Thijs, B., & Glänzel, W. (2015). Interdisciplinarity and impact: Distinct effects of variety, 
balance, and disparity. PloS One, 10(5), e0127298. 
Wyatt, H.V. (1961). Knowledge and prematurity-journey from transformation to DNA. Perspectives in 
Biology and Medicine, 18(2), 149-156. 
